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ORIGINAL ARTICLE 



Myelo-Enhancement by Astragalus Membranaceus in 
Male Albino Rats with Chemotherapy Myelo-Suppression. 
Histological and Immunohistochemical Study 
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Background and Objectives: Myelo-suppression is the most common toxicity encountered in the oncology clinic today. 
This study was planned to investigate the possible protective and therapeutic role of the traditional Chinese Medicinal 
Herb; Astragalus Membranaceus (AM), on chemotherapy-induced myelosuppression. 

Methods and Results: This study was carried out on thirty six adult male albino rats. They were divided into: Group 
I Control Group (n=6) received a vehicle of phosphate buffered saline (PBS) solution. Group II (n=12) were injected 
LP. with cyclophosphamide (CY) for 3 days (glla n =6) and continued for one more week to receive AM orally 
(glib n=6). Group III (n=6) received CY LP. together with AM orally for 3 days. Group IV (n=12) received AM 
orally for one week (gIVa n=6) and continued for extra three days receiving CY LP. with AM orally (gIVb n=6). 
Blood samples were analysed for Total Leucocytic Count and Lymphocytic Count. Counting of CD34 +ve cells in 
bone marrow was performed by flowcytometry. Bone marrow sections were subjected to H&E stain as well as im- 
munohistochemical staining for anti- CD20 antibody. The mean area % of cellular bone marrow regions occupied 
by developing haemopoietic cells, mean area of fat cells and mean number of CD20 immunopositive B lymphocytes 
in the bone marrow were measured by histomorphometric studies and statistically compared. AM proved to have a 
myelo-protective and myelo-therapeutic capacity, evidenced at both laboratory and morphological levels. 
Conclusions: The greatest myelo-potentiating effect of AM was achieved when supplied before and together with CY 
therapy. 
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Introduction 



Myelo-suppression is the most common adverse effect 
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of cytotoxic chemotherapy, characterized by a decrease in 
blood cells production. Myelo-suppression remains the 
most common toxicity encountered in the oncology clinic 
today and this complication is likely to remain a serious 
problem indefinitely (1). 

Cyclophosphamide (CY) is the most widely used alky- 
lating agent in chemotherapy that acts by slowing or stop- 
ping cell growth (2). 

There are no effective methods to treat myelo-sup- 
pression once it occurs. Blood transfusion can be effective 
in replenishing red blood cells and platelets but it doesn't 
improve white blood cell level (3). 

An alternative to transfusion is haemopoietic growth 
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factors (HGFs) injection usingcolony stimulating factors 
(CSFs). These growth factors are natural chemicals that 
boost bone marrow performance and can accelerate hae- 
mopoietic recovery during cancer therapy. However, 
HGFs may not only stimulate the recovery of normal hae- 
mopoietic cells but also enhance the viability of tumor 
cells (4). Bone marrow transplant could be needed where 
the damaged bone marrow is beyond self-repair, but it is 
restricted by the few number of donors (5). 

For these reasons, in the past several years, some ex- 
perimental studies have been carried out in China, to eval- 
uate the effects of Chinese herbal medicines (CHM) in 
preventing and treating chemotherapy-induced myelo-sup- 
pression (6). 

Astragalus Membranaceus (AM) is one of the traditional 
Chinese medicines, approved by the State Food and Drug 
Administration of the People's Republic of China in 1999. 
AM acts by enhancing immune functions (7). It appears 
to exert its immunomodulatory actions via direct inter- 
action with cellular membrane receptors. It has been re- 
ported that Astragalus root polysaccharide fractions could 
activate mouse B cells and stimulate macrophage pro- 
duction (8). 

This study was planned to investigate the possible pro- 
tective and therapeutic role of the traditional Chinese 
Medicinal Herb; Astragalus Membranaceus, on the bone 
marrow of chemotherapy-treated rats, monitored by labo- 
ratory, histological and immunohistochemical methods. 

Materials and Methods 



Material 

Drugs: 

- Cyclophosphamide (CY) (Trade name Endoxan), was 
purchased from Baxter Oncology GmbH, Halle, Germany, 
in the form of a vial 200 mg. The drug was dissolved in 
10ml phosphate buffered saline (PBS) solution and was 
given by intraperitoneal (LP.) injection, at a dose of 50 
mg/kg/day (6). 

- AstragalusMembranaceus (AM) Extract (Traditional 
Chinese Medicinal Herbs), manufactured by NOW 
FOODS 395 S. Glen Ellyn Rd., Bloomingdale, IL 60108. 
Made in U.S.A. It is supplied in a capsule form. Each cap- 
sule contains 500 mg of dried extract of AM (root). Each 
capsule was dissolved in 5 ml PBS vehicle and was sup- 
plied orally, at a dose of 2.5 g/kg body weight by the use 
of a special blunt tipped syringe (6). 

Animals: The study was conducted at the Animal House 
of Kasr Al Ainy School of Medicine, according to the 
guidelines for the Care and Use of Laboratory Animals. 



Thirty six adult male albino rats (12 weeks old) were used 
in this experiment, their weights ranged from 180^200 
(185 ±1.25) gram. They were fed ad libitum and allowed 
free access to water. 
They were divided into the following groups: 

- Group I (GI) Control Group included 6 rats that re- 
ceived a vehicle of PBS solution, in the same pattern and 
route of administration (oral and/or LP.) as the corre- 
sponding experimental groups and subgroups. 

- Group II (Gil) included 12 rats which were injected 
LP. with CY 50 mg/kg/day (0.5 ml for each rat) for 3 days. 
It was subdivided into: 

glla: 6 rats were sacrificed the following day after re- 
ceiving the last dose of CY. 

glib: 6 rats continued for one more week to receive 2.5 
g/kg/day AM extract orally (5 ml/day). 

- Group III (GUI) included 6 rats which received CY 
LP. (50 mg/kg/day) together with 2.5 g/kg/day AM orally 
for 3 days. 

- Group IV (GIV) included 12 rats which all received 
2.5 g/kg/day AM orally for one week. 

It was subdivided into: 

gIVa: 6 rats were sacrificed the following day after re- 
ceiving the last dose of AM orally for one week. 

gIVb: 6 rats continued for extra three days receiving 50 
mg/kg/day CY by LP. injection together with 2.5 g/kg/day 
AM orally. 

Methods 

Induction of Myelo-Suppression: Cyclophosphamide 
was solubilized in PBS in Histology Department, Faculty 
of Medicine, Cairo University. The solution was prepared 
and injected LP. within 15 minutes of its preparation, at 
a dose of 50 mg/kg/day (6). 

Laboratory Investigations: 

- Retro-orbital blood samples were collected by capillary 
tubes for analysis of Total Leucocytic Count (TLC) and 
Lymphocytic Count (LC). This was performed in the 
Clinical Pathology Department, Kasr Al-Ainy Medical 
Hospital. 

- Detection and Counting of haemopoietic stem cells us- 
ing flowcytometry with CD34 antibody (a commonly used 
marker for haemopoietic progenitor cells of all lineages) 
(9). CD34 was measured in the bone marrow samples by 
flowcytometry in Kasr Al Ainy Hospital, Flowcytometry 
Unit, Clinical Pathology Department. 

Histological Study: The animals were sacrificed using 
chloroform inhalation. Right femur bones were subjected 
to calcium extraction using 10% Ethylene Diamine 
Tetraacetic Acid (EDTA) for 8 days. Bones were cut trans- 
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versely at the mid-shaft, then specimens were dehydrated 
in ascending grades of alcohol (70%, 95%, 100%), cleared 
in xylene then were embedded into paraffin wax (in 
Histology Department, Faculty of Medicine, Cairo 
University). Paraffin blocks were cut at 5^7 um thick- 
ness, using Leica rotator microtome (Germany). 
Sections were subjected to the following stains: 

- Hematoxylin and Eosin stain (10). 

- Immunohistochemical staining for anti-CD20 antibody 
using the avidin biotin peroxidase complex technique. 
Sections were counterstained with Meyer's hematoxylin (11). 
CD20 positive cells showed brown cytoplasmic deposits. 

Anti-CD20 is a mouse monoclonal antibody (Lab Vision 
Corporation Laboratories, CA 94539, USA, catalogue 
number C 8080). 

CD20 is a commonly used marker for the various stages 
of differentiation of normal B lymphocytes. It is expressed 
on the surface of all B-cells starting from the late 
pro-B-cell development stage and progressively increasing 
in concentration till maturity (12). 

Positive tissue control: Human lymphoma biopsy with 
liver lymphoid aggregates showed +ve immunostaining 
for CD20 in the form of brown cytoplasmic deposits. 

Negative control: Additional specimens of bone marrow 
were processed in the same sequence but the primary anti- 
body was not added and instead, PBS was added in this 
step. Omission of the primary antibody gave no staining 
reaction. 

Morphometric Study 

Using a Leica Qwin 500 LTD image analysis computer 
system, (Cambridge, UK), the following parameters were 
measured in 10 non overlapping fields for each specimen: 

- Mean area % of cellular bone marrow regions occupied 
by developing haemopoietic cells. The area percent repre- 
sented the % of the cellular bone marrow regions occupied 
by developing haemopoietic cells, which were outlined 



Table 1. The mean values ( + SD) of TLC in the blood of control 
and experimental groups 



Group Subgroup Mean + SD 



Gl 




4.8x10 3 ±0.26 


Gil 


glla 


0.6x10 3 + 0.18*^ 




glib 


3.4x10 3 + 0.19*^ 


Gill 




4.2x10 3 + 0.23^ D 


GIV 


gIVa 


6.7x10 3 ±0.26* fl ' 




givb 


4.5x10 3 + 0.19^ n 



*p<0.05 as compared to Gl, ^p<0.05 as compared toglVa, "p 
<0.05 as compared to glla, D p<0.05 as compared to glib. 



and masked by a binary color to the area of the standard 
measuring frame. It was measured using an objective lens 
xlO i.e. a total magnification X100. 

- Mean area of fat cells in bone marrow sections. From 
the interactive measurement menu, "measure area" was 
selected. The cursor of the mouse was used to draw the 
outline of fat in each field and then the total area of fat 
for the field was calculated. It was measured at a magnifi- 
cation xlOO in 10 serial fields in each section. 

- Mean number of CD20 immunopositive B lympho- 
cytes in the bone marrow.The cursor of the mouse was 
used to count the number of CD20 +ve cells and the 
mean value of number of cells for each slide was obtained. 
It was measured at a magnification x400, using the inter- 
active measure menu. 

Statistical Analysis 

All measurements were subjected to statistical analysis 
using Student T test and ANOVA test using (SPSS) soft- 
ware version 9Chicago USA (13). 

Results 



Results of Laboratory Investigations 

Total Leucocytic Count (TLC) (Table 1 & Fig. 1A): 
A significant reduction in TLC was recorded in gllaas 
well as gllb,as compared to the control value. Yet, the val- 
ue for glib was significantly increased, as compared to 
glla. The highest mean value for TLC was recorded for 
gIVa, while the least value recorded was for glla, both val- 
ues represented a statistically significant difference, as 
compared to all other groups and subgroups. Thus, there 
was significant increase in the mean values ofTLC in GUI 
and gIVb, as compared to glib. 

Lymphocytic Count (LC) (Table 2 & Fig. IB): The val- 
ue of LC showed significant decrease in glla and glib, as 
compared to GL Yet, the value for glib was significantly 



Table 2. The mean values ( + SD) of LCin the blood of control and 
experimental groups 



Group Subgroup Mean + SD 



Gl 




3.3x10 3 ±0.26 


Gil 


glla 


0.4x10 3 + 0.14* /l 




glib 




Gill 




2.8x10 3 + 0.24 /lfl ' n 


GIV 


gIVa 


5.4x10 3 ±0.38*°' 




givb 


2.9x10 3 + 0.37 /lfl ' n 



*p<0.05 as compared to Gl, ^p<0.05 as compared toglVa, "p 
<0.05 as compared to glla, D p<0.05 as compared to glib. 
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increased, as compared to glla. The highest mean value 
for LC was recorded for gIVa, while the least value re- 
corded was for glla, both values represented a statistically 
significant difference, as compared to all other groups and 
subgroups. Accordingly, there was significant increase in 
the mean value of LC in the blood in GUI and gIVb when 
compared to glib. 

Flowcytometry of CD34 Cells in the Bone Marrow 
(Table 3 & Fig. 1C): The mean percentage of bone marrow 
CD34 immunopositive cells showed a significant decrease 



in glla, as compared to GI. There was significant increase 
in glib, GUI, gIVa and gIVb, all these values were statisti- 
cally significantly different from the control. The highest 
value of the percentage of bone marrow CD34 immuno- 
positive cells was recorded in gIVa and the lowest value 
was detected in glla. 

Histological Results 

Hematoxylin and Eosin-Stained Bone Marrow Sections: 

No histological variations were demonstrated on examina- 



Table 3. The mean values (±SD) of LCin the blood of control and 
experimental groups 



Table 4. The mean values (±SD) of LCin the blood of control and 
experimental groups 



Group 


Subgroup 


Mean + SD 


Group 


Subgroup 


Mean±SD 


GI 




0.29% ±0.0029 


GI 




33.4% ±2.5 


Gil 


g"a 


0.06% ±0.0023*^ 


Gil 


glla 


6.5%±2.0* /1 




glib 


0.44% ± 0.0026* ^ 




glib 


16.8% + 3.2*^ 


Gill 




0.48% ±0.001 8*^" 


Gill 




21.6%±1.4*^ D 


GIV 


gIVa 


0.59% ±0.0024*"' 


GIV 


gIVa 


45.1%±3.2** 




gIVb 


0.50% ±0.0031*^ 




gIVb 


23.7% ±1.6*^° 



*p<0.05 as compared to GI, 
<0.05 as compared to glla. 



V<0.05 as compared toglVa, a p 



*p<0.05 as compared to GI, 
<0.05 as compared to glla, 



p<0.05 as compared toglVa, a p 
: p<0.05 as compared to glib. 



*P<0.05 as compared to GI 
P<0.05 as compared to gIVa 
a P<0.05 as compared to glla 
D P<0.05 as compared to glib 



GI 



X an 







X a 






] 


n 






glla 


glib 



Gill 



X an 



gIVa gIVb 



o 



4- 



£ 3 



*P<0.05 as compared to GI 
P<0.05 as compared to gIVa 
a P<0.05 as compared to glla 
D P<0.05 as compared to glib 



*X 
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Fig. 1. (A) Comparing the mean values of TLC in the blood 
of control and experimental groups. (B) Comparing the mean 
values of lymphocytic countin the blood of control and ex- 
perimental groups. (C) Comparing the mean values of the per- 
centage of bone marrow CD34 immunopositive cells by 
flowcytometry. *p<0.05 as compared to GI, /1 p<0.05 as 
compared toglVa, tf p<0.05 as compared to glla, D p<0.05 as 
compared to glib. 
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tion of bone marrow sections of the different control 
groups.Histological examination of transverse sections 
(T.S) in the mid-shaft of femurs from the control group 
(GI) revealed normal bone marrow cellularity with hetero- 
geneous populations of cells, at different stages of 
maturation. Developing haemopoietic stem cells; myeloid 
cells, erythroid cells, megakaryocytes as well as few macro- 
phages could be demonstrated. Predominance of the devel- 
oping myeloid series was observed. The developing cells 



exhibited various outlines; some of which were spin- 
dle-shaped, while others appeared irregular in outline and 
showed mitotic figures. Blood sinusoids were lined by flat 
endothelial cells. Cells exhibiting pale nuclei belonging 
to the adventitial reticular cells were observed in the back- 
ground of bone marrow sections (Fig. 2A). 

Bone marrow sections of glla revealed very poor cellu- 
larity in relation to many wide marrow spaces.The mini- 
mal bone marrow cellularity included only few developing 




Fig. 2. (A) A photomicrograph of a transverse section (T.S) in the mid-shaft of femur from control group (GI) showing developing HSCs. 
Some cells are irregular in outline and show mitotic figures (black arrows), other cells arespindle-shaped (arrow heads). Different stages 
of myeloid cells are predominant, as well as erythroid cells (green arrows) in addition to megakaryocytes (blue arrows) and macrophages 
(yellow arrow). Pale nuclei in the background belong to adventitial reticular cells (purple arrows). A blood sinusoid (S) is demonstrated 
lined by endothelial cells (white arrow). Note interruption of the wall of the sinusoid by a cell passing through it (curved arrow) (H&E, 
x 1,000). (B) A photomicrograph of a transverse section (T.S) in the mid-shaft of femur fromglla showing BM cavities displaying large sized 
fat cells (F). A dilated blood sinusoid (S) is lined with hypertrophied endothelial cells (brown arrows). Several large branched cells containing 
engulfed black deposited material, probably macrophages, are seen (yellow arrows). Note the presence of acidophilic granular exudate 
material in the stromal background (thick arrow) and the presence of several damaged adventitial cells (curved arrows) (H&E, x 1,000). 
(C) A photomicrograph of T.S in the midshaft of femur from glib showing improved bone marrow cellularity, with presence of more develop- 
ing HSCs. Some of HSCs are spindle-shaped (arrow heads), others have irregular outline and exhibit large nuclei (curved arrows), while 
others exhibit pyknotic nuclei (brown arrow). Some cells show cytoplasmic vacuolations (red arrows). Note erythroid cells and RBCs (green 
arrows). Megakaryocyte (blue arrow) is the largest cell seen, characterized by having lobulated nucleus and abundant cytoplasm. Acidophilic 
exudate material is seen in the intercellular spaces (thick arrow) (H&E, x 1,000). (D) A photomicrograph of T.S in the midshaft of a femur 
from Gill showing groups of developing HSCs; some of which are spindle shaped (arrow heads) and erythroid cells (green arrow), among 
oval shaped fat cells. Nuclei of the developing cells are large and darkly stained, while pale nuclei in the background belong to adventitial 
reticular cells (purple arrows). Note the presence of a multi-nucleated phagocytic cell (yellowarrow). A fat cell (F) is seen bounded by 
adventitial reticular and haemopoietic cells (H&E, x 1,000). (E) A photomicrograph of T.S in the midshaft of femur from gIVa showing 
overcrowding of the bone marrow cavity with several developing HSCs exhibiting prominent nuclei. Many cells are spindle-shaped (arrow 
heads), others exhibit mitotic figures (black arrows). Numerous eosinophils are observed (white arrows). Spaces occupied by fat cells are 
small but clearly seen between HSCs (yellow arrow). Pale nuclei in the background belong to adventitial reticular cells (purple arrows). 
A longitudinal section in a small blood vessel is detected engorged with RBCs (green arrow) (H&E, x 1,000). (F) A photomicrograph of 
T.S in the midshaft of femur from gIVb showing moderate population of bone marrow with developing HSCs, some of which are spin- 
dle-shaped (arrowheads), others showmitotic figures (black arrows). Blood sinusoids are seen lined by endothelial cells (red arrows), full 
with RBCs (green arrow) and WBCs, while macrophages (yellow arrows) are seen bordering blood sinusoids (H&E, x 1,000). 
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HSCs, most of which exhibited pyknotic nuclei. The mar- 
row spaces displayed expanded adipose tissue with large 
sized fat cells, as compared to the control group, as well 
as large sinusoidal spaces. The dilated sinusoids were 
lined with hypertrophied endothelial cells. In some fields, 
several large branched cells, "probably macrophages" were 
demonstrated, containing engulfed black deposited 
material. Several damaged adventitial cells as well as acid- 
ophilic exudate material were observed in the stromal 
background (Fig. 2B). 

Bone marrow sections of glib showed signs of early re- 
covery in the form of improved bone marrow cellularity 
with the presence of more developing HSCs of the mye- 
loid, erythroid and megakaryocyte series and con- 
sequently, smaller fat cells, as compared to glla.The mor- 
phological appearance of the developing HSCs varied; 
some cells were spindle-shaped, others were irregular in 
outline and exhibited large nuclei, while the residualcells 
exhibited pyknotic nuclei. Moreover, cells with cytoplas- 
mic vacuolations were displayed. Megakaryocyteswere the 
largest cells observed in the marrow spaces, scattered be- 



tween cellular components. Their lobulated nuclei and 
abundant cytoplasmwere obvious (Fig. 2C). 

Histological examination of T.S in the midshaft of fe- 
murs of GUI showed clumps of HSCs; myeloid as well as 
erythroidcells, deposited among the oval-shaped fat cells. 
Nuclei of the developing cells were largeand darkly 
stained, while the pale nuclei observed in the background 
belonged to adventitial reticular cells. Multi-nucleated 
phagocytic cells were demonstrated in the stromal 
background. Fat cells were seen bounded by stromal, re- 
ticular and haemopoietic cells; myeloid & erythroid (Fig. 
2D). 

T.S. sections in the midshaft of femurs of gIVa showed 
high cellularity of the bone marrow. Islands of developing 
HSCs were seen over-crowded, filling the bone marrow 
cavities. Numerous eosinophils were observed in many 
fields. Spaces occupied by fat cells between HSCs were 
small, but yet clearly seen. Pale nuclei observed in the 
background belonged to adventitial reticular cells. 
Engorgement of small blood vessels with RBCs could also 
be demonstrated (Fig. 2E). 
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Fig. 3. (A) A photomicrograph of T.S in the midshaft of femur from the control group (Gl) showing brown granular cytoplasmic immunor- 
eactivity of some cells (arrows) (Anti-CD20 Immunostaining x 1,000). (B) A photomicrograph of T.S in the midshaft of femur from glla 
showing a CD20 immunoreactive cell exhibiting brown cytoplasmic granules (arrow) (Anti-CD20 Immunostaining x 1,000). (C) A photo- 
micrograph of T.S in the midshaft of femur from gllbshowingCD20immunoreactive cells exhibiting diffuse brown cytoplasmic granules 
(arrows). Note grouping of cells between a blood vessel (BV) and a blood sinusoid (S). (Anti-CD20 Immunostaining x 1,000). (D) A photo- 
micrograph of T.S in the midshaft of femur from Glllshowing diffuse, brown granular cytoplasmic immunoreactivity in many cells (black 
arrows) closely related to blood sinusoid. Immunoreactive cells are also seen inside the lumen of a sinusoid (S), some are crossing the 
sinusoidal wall (red arrows) (Anti-CD20 Immunostaining x 1,000). (E) A photomicrograph of T.S in the midshaft of femur from gIVashowing 
brown granular cytoplasmic immunoreactivity in many cells (arrows). Cells have rounded or oval nuclei (Anti-CD20 Immunostaining 
x 1,000). (F) A photomicrograph of T.S in the midshaft of femur from gIVb showing diffuse brown granular cytoplasmic immunoreactivity 
of some cells (black arrows). Some of the cells (redarrows) are seen crossing the blood sinusoid (S) (Anti-CD20 Immunostaining x 1,000). 
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Sections of gIVb showed moderate cellularity of the bone 
marrow. The bone marrow cavities contained developing 
HSCs, some of which exhibited pyknotic nuclei. Fat cells 
and acidophilic exudative material were demonstrated. 
Blood sinusoids were seen lined by flat endothelial cells 
and were engorged with many blood elements especially 
RBCs as well as WBCs, while macrophages were seen bor- 
dering blood sinusoids (Fig. 2F). 

Immunohistochemical Results 

Anti-CD 20 stained Bone Marrow Sections: Examina- 
tion of anti-CD20 immunostained sections of the control 
group revealed some immunoreactive cells located inside 
the bone marrow cavities, closely related to the blood ves- 
sels as well as inside their lumina. Immunoreactivity was 
in the form of diffuse brown granular cytoplasmic reaction 
in some cells (Fig. 3A). Sections of glla showed very few 
CD20 +ve cells exhibiting brown granular cytoplasmic 
immunoreactivity (Fig. 3B), whereas sections of glib (Fig. 
3C), GUI (Fig. 3D), gIVa (Fig. 3E) as well as gIVb (Fig. 
3F) showed colonies of CD20 +ve cells exhibiting diffuse 
brown granular cytoplasmic immunoreactivity. Cells were 
closely related to blood vessels and blood sinusoids and 
some cells were seen crossing the walls of the blood 
sinusoids. 

Quantitative Morphometric Results 

Mean Area Percent of Cellular Bone Marrow Regions 
Occupied by Developing Haemopoietic Cells (±SD) in the 
studied groups: The value showed a significant decrease in 
glla, glib, GUI and gIVb. Yet, the value for glib was sig- 
nificantly increased, as compared to glla. On the other 
hand, a significant increase was detected in gIVa, as com- 
pared to GI. The highest mean area % of cellular bone 
marrow regions was recorded in gIVa and the lowest value 
was recorded in glla. Thus, there was significant increase 
in the mean area % of cellular bone marrow regions in 



Table 5. The mean values ( + SD) of area of fat cells in the control 
and experimental groups 



Group Subgroup Mean + SD 



GI 




2831.3 + 321 


Gil 


glla 


4428.0 + 699*" 




glib 


3229.0 + 81 ^ 


Gill 




1977.6 + 233*^° 


GIV 


gIVa 


571.6 + 138*" 




gIVb 


2364.3 + 367.7^° 



*p<0.05 as compared to GI, "p<0.05 as compared toglVa, "p 
<0.05 as compared to glla, D p<0.05 as compared to glib. 



GUI and gIVb, as compared to glib (Table 4 & Fig. 4A). 

Mean Area of Fat (±SD) in the studied groups: The val- 
ue represented a significant increase in glla, as compared 
to GI. This value decreased significantly in glib, as com- 
pared to glla and decreased, but without significant differ- 
ence, as compared to GI. The decrease in the mean area 
of fat represented a significant difference in GUI and 
gIVa, as compared to the control. The highest area of fat 
in bone marrow was recorded in glla and the lowest value 
was recorded in gIVa. Thus, there was significant decrease 
in the mean area of fat in bone marrow sections in GUI 
and gIVb when compared to glib (Table 5 & Fig. 4B). 

Mean Number of CD20 Immunopositive Cells in Bone 
Marrow: The values recorded for all groups and subgroups 
represented a statistically significant difference, as com- 
pared to the control, with the exception of gIVb. Such dif- 
ference was a significant decrease in glla, gllb&GIII. On 
the other hand, it was a significant increase in gIVa, as 
compared to the control. The greatest number of CD20 
immunopositive cells was recorded in gIVa and the least 
value was recorded in glla. Thus, there was significant in- 
crease in the mean number of CD20 immunopositive cells 
in GUI and gTVb when compared to glib (Table 6 & Fig. 
4C). 

Discussion 



In the present work, the chosen chemotherapeutic agent 
for experimental induction of myelosuppression was CY, 
as several investigators reported the induction of bone 
marrow toxicity after the use of such drug. Experimental 
bone marrow suppression was induced by CY in normal 
adult Wistar rats (6). In human studies, hematologic pro- 
files of CY-treated patients revealed anemia, leucopenia 
and/or thrombocytopenia (14). 

Morphological signs of myelo-suppression could be 
clearly demonstrated on examination of bone marrow sec- 



Table 6. The mean number ( + SD) of bone marrow CD20 im- 
munopositive cells in the control and experimental groups 



Group Subgroup Mean + SD 



GI 




10.3 + 1.5 


Gil 


glla 


1.3+0.5*" 




glib 


4.5 + 1.4*"" 


Gill 




6.5 + 1.2*"" 


GIV 


gIVa 


13.5 + 1.4** 




gIVb 


9.5 + 1.0"" D 



*p<0.05 as compared to GI, "p<0.05 as compared toglVa, "p 
<0.05 as compared to glla, D p<0.05 as compared to glib. 
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Fig. 4. (A) Comparing the mean values of mean area percent of 
cellular bone marrow regions. (B) Comparing the mean values of 
area of fat cells in the control and experimental groups. (C) 
Comparing the mean values of bone marrow CD20 immuno- 
positive cells number in the control and experimental groups. *P 
<0.05 as compared to Gl, < 0.05 as compared toglVa, a ? 
<0.05 as compared to glla, D P<0.05 as compared to glib. 



tions of CY-treated animals (glla). The occurrence of mye- 
lo-suppression was determined based on the detection of 
very poor marrow cellularity in relation to many wide 
marrow spaces. Few developing HSCs could be observed, 
most of which exhibited pyknotic nuclei. Similarly, other 
researchers reported that CY injection caused significant 
decrease in bone marrow cell counts (15). 

The direct cytotoxic insult induced by the chemo- 
therapeutic treatment might induce necrotic changes of 
the developing HSCs. The presence of necrotic tissue usu- 
ally evokes an inflammatory response and eventually dead 
cells are phagocytosed by neutrophils and macrophages 
(16). Therefore, it was not surprising to detect the pres- 
ence of large number of phagocytic cells, probably macro- 
phages, containing engulfed deposited black material. 

Several damaged adventitial cells were observed in the 
stromal background in sections of glla. Stromalcellsof the 
bone marrow act as key regulators of haemopoiesis (17). 
Direct contact with some or all of these cells by HSCsmay 
play a critical role in stem cell proliferation and 
differentiation. Studies by several laboratories suggest that 
several known growth-regulating factors and cytokines 



may affect HSCs indirectly through effects on stromal 
cells (18). Thus, it seems reasonable that damage afflicted 
to the supporting stromal cells by the chemotherapeutic 
insult, would probably result in a microenvironment not 
suitable for supporting the developing HSCs and their 
subsequent necrosis. 

In the present study, HSCs depletion observed in sec- 
tions of glla went parallel with the biochemical parame- 
ters, by reporting a statistically significant reduction in 
TLC, as well as the LC in this group as compared to the 
control values, and recording the least value for these two 
parameters, as compared to all other groups and 
subgroups. HSCs depletion was further verified by mor- 
phometric measurements which revealed a significant de- 
crease in the mean area % of cellular bone marrow regions 
occupied by developing haemopoietic cells in CY-treated 
group, compared to the control value, and recording the 
least value for this parameter, as compared to all other 
groups and subgroups. 

Minimal bone marrow cellularity in sections of glla was 
associated with fat cell hypertrophy as well as sinusoidal 
dilatation. Stromal cells residing in the marrow spaces 
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give rise to cellular populations of the marrow micro- 
environment, such as osteoblasts and adipocytes. It is 
postulated that chemotherapy might induce a switch in 
the bone marrow stromal cells towards adipogenic differ- 
entiation at the expense of haemopoiesis (19). At the mor- 
phometric level, the highest area of fat in bone marrow 
sections was recorded in glla, representing a significant 
increase compared to all other groups and subgroups. 

Sinusoidal dilatation observed in sections of glla might 
be caused by injury of endothelial lining due to chemo- 
therapeutic regimen. This was verified by the presence of 
endothelial cells' hypertrophy. It has been proved pre- 
viously that sinus endothelial cells are active in endocy- 
tosis and probably control passage of all materials into 
and out of the haemopoietic compartment (20). Based on 
our recorded results and the data from previous studies 
we can assume that the hypertrophy of sinusoidal endo- 
thelial cells might be due to enhanced endocytosis with 
disrupted exocytosis. 

Bone marrow sections of rats which received CY fol- 
lowed by Astragalus (glib) showed signs of early recovery 
in the form of improved bone marrow cellularity with the 
presence of more developing HSCs of the erythroid, mye- 
loid, and megakaryocyte series and consequently, smaller 
fat cells, as compared to glla. In addition, blood sinusoids 
were engorged with RBCs. 

It has been previously reported that Astragalus could 
decrease apoptosis of bone marrow cells and could pro- 
mote haemopoietic progenitor cells to differentiate along 
the erythroid and megakaryocyte line (21). 

Moreover, the number of colony forming unit-mega- 
karyocyte (CFU-Meg) was increased in anemic mice treat- 
ed by Astragalus after chemotherapy, implying that this 
herb could accelerate the recovery of megekaryocyte hae- 
mopoiesis after bone marrow suppression (22). 

Morphometric measurements revealed a significant in- 
crease in TLC & LC in glib, as compared to glla as well 
as the control group, with a corresponding significant in- 
crease in the mean area % of cellular bone marrow re- 
gions, and significant decrease in the mean area of fat as 
compared to CY treated sections. 

When CY therapy was combined with Astragalus (GUI), 
groups of HSCs were seen gathered around blood sinus- 
oids, among oval-shaped fat cells. Biochemical as well as 
morphometric analysis proved a significant increase of pa- 
rameters in this "combined therapy" group, as compared 
to both glla and glib. It has been postulated that some 
physicians routinely provide chemotherapy patients with 
Astragalus; which seems to help the immune system dif- 
ferentiate between healthy cells and rogue cells, thereby 



boosting the body's total cancer fighting system, thus im- 
proving the effectiveness of chemotherapy treatment. It al- 
so seems to stop the spread of malignant cancer cells to 
secondary healthy tissues (23). 

Treatment with Astragalus alone (gIVa) achieved high 
bone marrow cellularity. Islands of developing HSCs were 
detected overcrowded filling the bone marrow cavities as 
well as engorgement of blood sinusoids with cellular 
elements. Numerous eosinophils were observed in many 
fields. Consequently, small sized fat cells were 
demonstrated. TLC & LC in gIVa achieved the highest 
value, as compared to all other groups and subgroups. 

A significant increase of colony forming units of gran- 
ulocytes, macrophages, erythroid cells, burst forming 
unit-erythroid cells, and megakaryocytes have been dem- 
onstrated following Astragalus therapy (24). Astragalus 
seems to have a dual effect; the "immune-modulating ef- 
fect" directly increasing B lymphocytes, T lymphocytes, 
interleukin and antibody production, as well as the 
"adaptogenic effect" offering up viruses, bacteria and even 
cancer cells to be seen and recognized by the immune sys- 
tem (7). 

Sections of gIVb which received Astragalus followed by 
chemotherapy combined with Astragalus, showed moder- 
ate cellularity of the bone marrow. It has been previously 
stated that Astragalus has been extensively used for clin- 
ical adjunctive therapy to ameliorate the side effects of an- 
tineoplastic drugs. Several clinical studies showed that the 
active constituents of Astragalus, including poly- 
saccharides and flavonoids, could ameliorate the side ef- 
fects of chemotherapeutic drugs (7). The presence of sev- 
eral macrophages in sections of gIVb indicates a stim- 
ulatory effect of Astragalus upon macrophages (25). 

The ability of AM to stimulate bone marrow stem cells' 
proliferation was assessed in the present study by estimat- 
ing the percent of bone marrow CD34+ve cells using 
flowcytometry. CD34+ve BM cells form a heterogenous 
population of primitive stem cells and more mature pro- 
genitors committed to different lineages of differentiation 
(26). The highest value of the percentage of bone marrow 
CD34 immunopositive cells was recorded in gIVa 
(received Astragalus only). On the other hand, the lowest 
% of CD34 +ve cells was detected in glla (CY only). 
Previous investigations revealed that AM accelerated bone 
marrow haemopoietic stem progenitor cells in mar- 
row-suppressed mice and enhanced cell proliferation by 
promoting cell cycles from G0/G1 phase to access into S, 
G2 phases (15). 

The myelo-enhancing capabilities of Astragalus were 
valuated, in the present work, not only at the level of pro- 
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moting bone marrow stem cells proliferation, but also at 
the level of encouraging their development into active im- 
mune cells. In that context, B lymphocytes were demon- 
strated by immunohistochemical staining using antibodies 
against CD20 antigen. On the other hand, very few 
CD20+ve cells could be demonstrated after treatment 
with CY alone (glla). The number of CD20+ve cells was 
markedly increased when Astragalus was given alone 
(gIVa), where colonies of CD20 H-ve cells could be 
demonstrated. This was in accordance with morphometric 
analysis revealing the greatest number of CD20 immuno- 
positive cells in gIVa (Astragalus only), whereas the least 
value was recorded in glla (CY only). 

CD20 plays a role in human B cell proliferation and 
thus, CD20 expression was B cell restricted and was ini- 
tiated during late pro-B cell development. The frequency 
and density of CD20 expression increased during B cell 
maturation in the bone marrow (27). 

Conclusion 



In this rat model of chemotherapy-induced myelosup- 
pression, the Chinese Medicinal Herb "Astragalus 
Membranaceus" proved to have a myelo-protective and 
myelo-therapeutic capacity, which might be of consid- 
erable promise in the management of bone marrow 
toxicity. 

Our findings provide experimental evidence ensuring 
the greatest effect of Astragalus medication, when suppli- 
edbefore and together with CY therapy. Meanwhile, it also 
proved its effectiveness in enhancing recovery of im- 
munosuppression, if taken after CY therapy. 

Myelo-enhancement potential of Astragalus in the cur- 
rent study was proved at both the laboratorylevel 
(evidenced by marked elevation of total leucocytic and 
lymphocytic counts and the number of CD34 +ve cells 
by flowcytometry), as well as the morphological level 
(evidenced by enhanced marrow cellularity). 

Recommendations 

In view of our findings on experimental rats, Astragalus 
is recommended as a promising agent for application in 
cancer immunotherapy, on condition that future human 
studies prove the same myelo-enhancing effects of 
Astragalus. 

Further research studies are needed to estimate the im- 
munomodulatory effect of the polysaccharides and other 
active ingredients of Astragalus on various immunode- 
ficiency diseases. Further studies are also needed to exam- 
ine the effect of Astragalus on other organs as spleen, 



lymph nodeand thymus. 
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